The Rutaceae is an important family of plants with a wide distribution throughout the world, containing at less 150 genera and 1800 species. It is commonly known as the Rue or Citrus family and includes species with flowers divided into four or five parts, usually with strong scents. In Australia, this family is represented by trees, shrubs or more rarely herbs, all of them belonging to one of the 40 genera and 320 species described in the country. A few native genera have been cultivated as ornamentals, particularly species of Boronia, Crowea, Eriostemon, Phebalium and Correa [1a] .
Phebalium Rudge is an Australian endemic genus of shrubs. There are approximately 25 described species, and a number of new species still awaiting formal description [1b, 2a-d] . Within the P. squamulosum complex there are currently 11 described subspecies, although many of these are very distinct taxa that are probably worthy of specific _______________ ** Part of this paper has been presented as a poster at the 39 th International Symposium on Essential Oils, Quedlinburg (Germany), September 7-10 2008. rank. Two undescribed taxa of Phebalium that broadly fit into the squamulosum complex are the subject of this study. Both are in the process of being formally described as species in an upcoming paper that will probably be published in 2009 [2e]. P. stellatum I. Telford & J.J. Bruhl ined. is a particularly rare species known only from a small area in the Dorrigo district, northern NSW. It is a medium sized shrub which grows in moist areas such as rainforest margins and in wet sclerophyll forest. P. sylvaticum I. Telford & J.J. Bruhl ined. is less restricted, with a distribution ranging from the Gibraltar Range in northern NSW to the McPherson Range in south-eastern Qld. It is also a shrub 3-4 m tall that prefers wet forests. Both species have lanceolate leaves 25-70 mm long with an aromatic smell when crushed.
The essential oils of this genus have not been studied in detail. We could only find two previous reports about the chemical composition of a few species [3a-3f] . According to the results of these papers there NPC Natural Product Communications is not a pattern that is common to all the species. α-Pinene is the only compound that appears as a major compound in most of the analysed species: P. argenteum geraniol, limonene, α-pinene and psolaren; P. becklerii α-pinene; P. dentatum α-pinene, geraniol and citronellol; P. distans α-pinene (0.8-42%) and bicyclogermacrene (12-22%); P. filifolium sabinene; P. glandulosum subsp. glandulosum dihydrotagetone (75-95%); P. longifolium β-caryophyllene (9-20%) and bicyclogermacrene (7-23%); P. nottii α-pinene (25-42%), guaiol (t-28%) and bulnesol (t-34%); P. nudum citronellal, citral, limonene and camphene; P. squameus ledol; P. squamulosum subsp. gracile, geijerene (4-8%), α-pinene (44-50%) and guaiol (9-11%); P. squamulosum subsp. squamulosum α-phellandrene (12-25%), β-phellandrene (14-15%), bicyclogermacrene (2-12%) and elemol/hedycaryol (12-36%); P. whitei α-pinene (22-42%), limonene (1-12%) and bicyclogermacrene (11-20%); P. woombye α-pinene (10-21%), β-phellandrene (12-20%), bicyclogermacrene (11-20%) and germacrene D (5-10%). Isomurralonginol isovalerate has been isolated from P. filifolium, while (+)-dihydrotagetone was isolated from P. glandulosum subsp. glandulosum), squamulosone from P. squamulosum, and α-pinene, myrcene, α-eudesmol, β-eudesmol and elemol/hedycaryol from P. squamulosum subsp. ozothamnoides. Most of the other chemical reports on this genus are focused on the isolation and identification of its coumarins [4a-h] .
The aim of this study was to analyze the essential oils of the aerial parts of P. stellatum and P. sylvaticum and compare their chemical composition with other species of the genus. This is the first report about the volatile components of these two new, undescribed species of Phelabium.
The chemical compositions of the essential oils extracted from the aerial parts of P. stellatum and P. sylvaticum, their retention indices and their percentage composition are summarised in Table 1 , where all the compounds are arranged in order of their elution from the DB-Wax column. More than 90% of the total oil composition has been identified for each species. The chemical composition of P. stellatum consisted of 27 compounds that represent 94.6-98.1% of the oil, while 38 compounds were identified from the essential oils of P. sylvaticum, representing 97.1-97.8% of the total oil. Quantitative and qualitative differences have been found between both species although it is worth noting that they share most of the principal compounds. Both species produced leaf oils of 0.5-1% yield (w/w), based on dry leaf.
The essential oil of P. stellatum was characterized by high amounts of elemol (24.6-30.8%), β-phellandrene (5.2-10.8%), β-eudesmol (6.1-10.0%), hedycaryol (4.5-9.8%) and δ-3-carene (4.4-13.7%). Only four of the other compounds showed a percentage composition higher than 5% in any of the samples: guaiol (1.7-6.1%), γ-eudesmol (5.4-8.2%), α-eudesmol (5.5-8.6% ) and β-eudesmol (6.1-10.0%). The oils extracted from P. sylvaticum had a similar chemical composition. The main compounds of these samples were identified as myrcene (10.6-23.0%), elemol (11.3-14.6%), β-phellandrene (0.5-14.8%), δ-3-carene (8.0-11.5%), β-eudesmol (6.7-9.1%), hedycaryol (7.4-9.7%) and α-pinene (7.1-8.9%). In this case none of the other compounds have a percentage composition higher than 5%. The only significant difference between the chemical composition of the two species is that myrcene and α-pinene, which are the main constituents of the essential oil of P. sylvaticum, appears in relatively low amounts in P. stellatum (Table 1) .
The similarities between the chemical composition of both of the above mentioned species differ slightly from the other previously reported members of this genus [3a-f] . All of them share their main compounds as α-pinene, β-phellandrene, elemol and hedycaryol, but not at the same time.
With respect to the terpenoid distribution, the sesquiterpene fraction was predominant in the essential oil of P. stellatum (65.3-73.4%), with the majority of them being oxygenated (61.1-69.0%). The monoterpene fraction varied from 24.7% to 31.6%, but in this case the monoterpene hydrocarbons (24.3-31.4%) were higher than the oxygenated ones (0.2-0.4%). The samples analyzed of P. sylvaticum also presented the same distribution of terpenoids, with a predominance of monoterpene hydrocarbons (51.1-58.5%) and oxygenated sesquiterpenes (36.9-45.3%), although in this case the monoterpene fraction was higher than the sesquiterpene fraction.
Experimental
Plant material: Four samples of Phebalium stellatum and three samples of P. sylvaticum were gathered during the flowering/budding period in the Dorrigo district and Gibraltar Range National Park, respectively. Voucher specimens of each population have been lodged at the N.C.W. Beadle Herbarium in Armidale (NE) and the National Herbarium of New South Wales in Sydney (NSW). The details of each population appear below in Table 2 .
Isolation of volatile oil:
The oil was isolated by steam distillation with cohobation for 8 h, as previously described [5] . The oils of both species were colorless to pale yellow and they yielded 0.5-1% for P. stellatum and P. sylvaticum.
Identification of components:
Analytical gas chromatography (GC) was carried out on a Shimadzu GC17A gas chromatograph with a Megabore column of DB-Wax (60 m x 0.5 mm x 1 μm) which was programmed from 50º-220ºC at 3ºC/min with helium as the carrier gas. Injector and detector were both programmed at 220ºC. GC integrations were performed on a SMAD electronic integrator. GCMS was carried out on a Shimadzu GCMS-QP5000 mass spectrometer operating at 70 eV ionization energy. The GC column used was a DB-wax (30 m x 0.25 mm x 0.25 μm) programmed from 35º to 220ºC at 3ºC/min with helium as the carrier gas. Injector temperature was 250°C. Mass spectra were recorded in electronic impact (EI) mode at 70 eV, scanning the 41-350 m/z range. Interface and source temperature were 250ºC and 220ºC, respectively. The cycle time was 1 scan/sec. Compounds were identified by their GC retention time relative to known compounds and by comparison of their mass spectra with either known compounds or published spectra [6a-f] . The oil sample was also analyzed on the same GCMS system and under the same conditions as above except that a DB-5 column was used (30 m x 0.25 mm x 0.25 μm). 
